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Immunogenic composition 

The present Invention retetes to an Inrununogenic composition comprising a fusion 
protein and a saponin adjuvant Also to a vacdne, a method for the preparation of a 
5 vaccine, and use of an Immunogenic composition. 



In modern human and veterinary medicine, humans and animals win be vaccinated 
on a regular basis to prevent more or less debilitating diseases or infections, or to ensure 
10 a certain economic profitability. In 2000 tiie worldwide marl<et value of bloiogicals for 

veterinary vaccinations alone was 2.5. billion USD (Wood-Madcenzie. 2001). The goal of 
any vaccination strategy Is to obtain in a subject an activated status of the immune system 
that will protect against (symptoms of) infection or disease. To generate this Immune 
protection, (part of) an infective agent Is presented to the subject In a way thai enables the 
1 5 Immune system to prepare a protedlve response. Through the phenomenon of 

immunological memory, the subject's Immune system Is triggered to react more rapidly 
and strongly when the real Infection, to whidi this vaccination was aimed, occurs in future. 

To this purpose vacdnes are commonly prepared from the targeted infective agent 
or a part thereof, such as by using live-, live-attenuated- or Idlled forms of an infective 
20 microorganism, or as protein subunit or nudeic add thereof. Ideally ail these will oomprise 
(or encode) antigenic structures that Induce the desired protective Immune response In 
the human or animal target. 

For reasons of safety, sutninit vacdnes are prefened. Subunlts can then be 
produced by the ceils of an expression system, via expression firom a (recombinant) 
25 nucleic add molecule. 

Only when an antigen is capable of inducing an Immune response that reduces 
dgns of infbcHon or disease it Is called a protective antigen or an immunogen. 

Consequently, In the field of subunit vacdnes, an expressed protein may be 
antigenic, but Is many times not found to be Immunogenia Let alone, to be sufficiently 
30 Immunogenic for the production of a vacdne that Is effective under field conditions as well 
as being economically feasible. 

However, the optimization of a subunit's immunogenldty may negatively interfere 
witii obtaining sufBclent expression yield. This can be a result of the fact that 
overexpression may lead to an overload and collapse of the cellular apparatus for protein 
35 expression, or that the expression systems used for expression of heterologous proteins 
most times do not perfomi the same posttranslational modfficattons that would occur in 



iiiiiuvTai r/ixmxx uafl -* JVTU ^^^^ 



^^'^^'^^^^ Oil 10.07.2002 17 



the cells where the protein is naturally expressed. For Instance, the processing of 
hydrophobic signal sequences that provide secretion or surface exposure may cause 
problems In cells of an expression system through Interadlons with the oeH's organelle- or 
outer membranes. It is therefore oommon practice to produce protein subunlts in ceUular 
6 expression systems without CMermlnal hydrophobic anchoring signals, and to delete or 
modify N-terminal signal sequences. However the disadvantage of this approach Is that 
this usually leads to low immunogenicity. 

To overcome the problem of low Immunogenicity of proteins produced in such a 
way." the addition to a subunit antigen of an adjuvant (an Immune sthnulatoiy substance) Is 
1 0 commonly used. Such substances are relatively cheap and can be very efficient 

Frequently used adjuvants are e.g. aluminum salts, oil emulsions, lipid A and saponins. 
However most of these substances cause some sort of local reacUon in the fomn of tlssue- 
inita ion at the site of application. This causes discomfort to the subject and. in the case of 
vete inary applications, may result in a drop in productivity (e.g. milk or egg production. 
1 5 feed conversion) or condemnation of the meat or carcass at the slaughterhouse. 

One of these adjuvants that have been found to be cytotoxife at efSecHve 
conoentraUons is QuilNa saponin. The type and Intensity of the local reactions to 
appi cation of saponin are of course dependent of the quantity applied, and also of the 
purity of ttie material or particular batch that is bdng employed. B. ROnnberg et al.. (1995, 
20 Vacjine, vol. 1 3, p. 1 375-1 382) describe hemolytic cytotoxidly for different fractions of 
Qullfeda saponin. Toxic concentrations varied belween 5 and 100 (jgrtnl for the different 
ftacHons. Local reactions vwere obsenred varying from swelling, to skin degeneration, and 
even death of the mice used in the experiments. In a similar study. PBllon et al. (1996, J. 
Pharm. Sd., vol. 85, p. 518-524). describe erythrocyte hemolysis by derivatives of Quill^a 
25 saponin In concentrations varying between 0.006 and 1 .5 mlW. Leung et al. (1 997. BBA 
vol. 1 325, p. 318 - 328) describe the cause of the cellular lysis to be the reaction of free 
saponin with the cholesterol in the cellular membranes. 

The usifiil vwiy of preventing the toxic properties of saponin to prevail over Ite 
adjuvant actlvily is by the incorporation In Immune stimulatory complexes (ISCOMs) (WO 
30 961 1 71 1 ). These are fonned by mixing a saponin, a phospholipid and cholesterol. Under 
«ie right conditions particles with cage-like structures are formed. When an antigenic 
protein Is Integrated, particulate structures can be produced that present these ant^ens 
on the surface thereby ntimtcklng the "naturar presentation of the antigens on an infected 
cell (reviewved in: liitoreln. B. & K.L. Bengtson, 1999. Methods, vol. 19. p. 94-102. and EP 
35 109.942). 
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Alternatively ISCOM-matriK particles can be produced. These are ISCOM-fike 
particles In which the subunit antigen is not Integrated but is added later. 

In both cases the cytotojdc effects of Quillaja saponin are neutrallzBd. Hsu et at. 
(199B, Vaccine, vol. 14, p. 1159-1166) chose such an approach, by Integrating a fusion 
5 peptide canrying an epitope into iSCOMs. 

Unfortunately the generation of ISCOMs and ISCOM-matrlxes is complex and 
costly, thereby maldng it un-economlcal for Instance for the general application in 
veterinary medidne. The use of saponin In free form, l.e. not integrated In an ISCOM Is 
1 0 less complex and cheaper. However, at a concentration that it is nonmally effective as 
adjuvant, the disadvantageous c^xldty of a saponin may manlfest itself, as mentioned 
above. 



15 It Is an object of the current invention to provide for the first time an Immunogenic 

composition of a protein antigen adjuvated with a saponin, which does provide an 
effective Immune stimulation without significant adverse local effects, at cost effective 
production levels. 

20 Surprisingly it was found now, that by fusing a hydrophobic peptide to the core of 

an immunogenic protein, this fusion protein could be combined with free saponin in such a 
low concentration that the resulting composition does not cause adverse local reactions, 
while still inducing an effident immune response. 

This Is contrary to the common habit of Incorporating saponin into ISCOMs or 

25 ISCOM-matrix particles for overcoming cytotoxicity. Also this counteracts the customary 
removal of hydrophobic amino add (aa) stretches from subunit proteins expressed in a 
heterologous expression system. The possible loss In yield of fusion protein from the 
expression system Is counterbalanced by the Increased Immunogenidty In the context of 
free saponin, and the reduction of adverse local reactions. 

30 Consequently the current Invention provides for the first time, a subunit vaccine 

adjuvated wltti saponin that is sufficiently safe. Immunologically effective and has 
economic feasibility. 



Therefore, In a first aspect the present Invention provides an Immunogenic 
35 composition comprising a fusion protein and a saponin adjuvant, characterized In that the 
fusion protein comprises a heterologous hydrophobic peptide which is fused to the N- 
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terminus and/or to the C-termlnus of a oore polypeptide, the core polypeptide comprising 
at least one protective epitope, the saponin adjuvant lieing In a free form. 

An Immunogenic composition is understood to be a composition that upon 
administration to a subject induces an immune response in that subject which reduces an 
int^on or a disease. This implies stimulation of the components of the immune system. 
These can be the cellular components such as B- orT-lymphocytes, macrophages, killer 
ceils, antigen presenting cells (APCs), etc.. or the humoral components of the immune 
system, such as antibodies, cytoldnes (e.g. interfierons or interteuklns), eta 



For ttie purpose of the present Invention the temi ''protein" refers to a molecular 
chain erf anino adds. A protein is not of a spedfic length and can, If required, be modified 
in vivo or In vitro, by. for example, glycosylation, amidatlon, carbo)Qrla11on or 
phosphorylation. Inter aUa, peptides, oligopeptides and poiypepUdes are included within 
15 the deflnlUon. The protein or peptide can be of natural or syntheHc origin. 

A fusion protein Is an assembly of two or more strands of amino adds that does 
not occur naturally. The strands can be of equal length, but usually they will differ in 
length, with the heterologous hydrophobic peptlde(s) prefBrentlaily being shorter than the 
20 core polypeptide(s). The combination of the strands can be accomplished by several 
means, e.g.: 

- chemically, by coupling, conji^alion or <at)ss-llnklng, through dehydration, 
esterificatlon, etc, of the amino add sequences eiHier directly or through an 

intermediate structure. 
25 - physically, by coupling through capture In or on a macromoiecular structure 

- by molecular biological fusion, through the combinaflon of recombinant nucleic add 
molecules which comprise finagments of nucleic add capable of encoding each of the 
two, such that a single continuous expression product is finally produced. 

30 A saponin Is a surface-active glycoside that can be obtained from a plant by 

extraction. Well-known saponins are the Quillaja saponins that are extracted from the bark 
of the South American soap tree Qutf/^a saponarta IMoUna] (Dalsgaard. K., ig74. Arch. 
Oesamte Vimsforsch. vol. 44, p. 243-254). Depending on the method of extraction 
<riffej«nt saponin preparations wltt be obtained. Several preparaUons of Quillaja saponin 

35 are available oommerolaliy: Spikoslde™ from Iscotec AB, Sweden. Quil A™ from Superfos 
AS, Denmarit. 0-vad™ fiom Nor-Vet, Denmarit. and QS-21«« from Antigenlos, USA, and 



014 10-07.2002 17:53: 



10 



Vax-Sap^. from Desert Wng. Chili. Some are crude, wliite others are more purified 
preparations. 

For the purpose of the present Invention, a saponin is In a free form if it has not 
been purposively mixed with cholesterol and phospholipid to produce ISCOIW or ISCOM- 
matrlxparQdes. 

An adjuvant in general Is a substance that boosts the Immune response of 
the receiving subject in a non-spedfic manner. 



Th© core polypeptide that Is to be connected with the hydrophobic peptide, relates 
to a polypeptide that does not contain the N- or C-tannlnal hydrophobic regions that are 
present In a naturally occurring form of that protein. Thus the core protein for the invention 
is a component of a protein from an agent or organism. Proteins that do not contain 
1 5 hydrophobic ends In their natural fonn can serve as "core*' without further modifications to 
their native composition. 

These hydrophobic res^ons can be cut off from tiie protein by using chemical or 
enzymatic procedures. Preferentially ttie nucleic add sequence encoding such a pmtein is 
modified by genetic engineering techniques In such a way tiiat tiiese hydrophobic regions 
20 are no longer expressed. 

In principle any protein of medical Importance may sen/e as oore polypeptide for 
the Invention. Preferably the core polypeptide is a component of an infective agent or a 
biological factor that Is known or expected to cause disease to humans or animals. For 
instance infective agents or factors causing cancer, HIV or AIDS, (auto-) immune disease, 
25 neurological-, neurodegenerative-, respiratory-, or dermal afflictions. 

More preferably tiie core polypeptide Is a component of proteins tiiat have shown 
an Immunogenic potency in vaccination studies, for Instance after being Isolated from the 
Infective agent, after having been expressed In an expression system, tiirough use as an 
Insert In a live recombinant canier microorganism {LRCM)» or after use as DNA vaccine. 
30 Examples of such proteins that could serve as core polypeptide for the invention 

are proteins from the envelope, matrix-, organelles, or nucleus or non-stmcturai- or 
glycoproteins from parasites, bacteria, or viruses, and tiie proteins they induce or interact 
wtth In tineir hosts. 

Even more preferentially, the core polypeptide is a component of: 
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parasitic proteins: for instance parasitic enzymes (soluble or Internal) from Bnneria. or 
soluble protedlve antigens such as exoantigens or menKOite surface antigens from 
Babesia. 

Viral proteins: e.g. proteins from letioviruses: envelope proteins gp20, gp40. gplZO. 
rev. tat or nef proteins, retroviral group spedflc antigens; Newcastle disease virus 
fusion or hemagglutinin-neuraminidase protein; Influenza viral hemagglutinin or 
neuraminidase proteins; BImavlral VP2: Coronaviral spike or matrix proteins; Pestiviral 
envelope proteins E™. El or E2; porcine reproductive and respiratory disease virus 
viral proteins. 

► Bacterial proteins: such as toxins, adheslns. fiber-, fimbriae-. pBum- or outer- 
membrane proteins. 

. induced proteins: such as Interieukins; Interferons: cancer-antigens such as from the 
p53 cascade, HER-2ffJeu. Carelno-embryonic antigen; tumor-induced angiogenesb 
ftictors lilte flbronecBn or gangllosldes; receptor molecules. 

The term heterologous for the purpose of the present invention refers to the origin 
of the hydrophobic peptide, in relation to the core polypeptide to which It Is to be 
connected. Thus a peptide Is of heterotogous origin. If It Is not part of the same protein 
from which the core polypeptide is a component in a particular species of organism or 
agent For instance, the C-terminal hydrophobic peptide of the Bd37 protein from Babesia 
bows, would qualify as a heterologous peptide if it was to be fused to the core polypeptide 
of the Bd37 protein homologue from B. (ilsfergen& 

In general a hydrophobic peptide is understood to be a strand of amino acids that 
have a preference for a non-polar environment. Such peptides are also known in the art 
as lypophyUc or water-insoluble. Several computer algorithms have been developed that 
enable assessment of a peptide's hydrophoblclty. For the purpose of the present 
invenUon, the hydropathy algorithm of Kyte & DoolWIe (J. Kyte and R. F. Doollttle, igsz. J. 
Mol. Blol., vol. 157. p. 105-132) is used. This wWeiy used program calculates a moving 
average of the free transfer energy over a certain window of amino acids, thereby 
producing a hydrophobidty profile that can be represented as a table of data points, eras 
a graph. In the table the moving average numbers that are positive indicate hydrophobic 
aminoacids; in the graphical representation of the hydrophobicity profile, the part betow 
the median Is hydrophobic. 
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This algorithm Is available In most software packages for protein analysis or - 
structure prediction, and through the Internet via the web pages of most biolnfbrmatics 
institutes. 



5 For the present invention, a peptide is considered hydrophobic if 60 % or more of 

the data points from the Kyte - Doolittle hydrophobicity analysis Indicate a hydrophobic 
value; the hydrophobicity must be calculated using a window of 5 amino acdds. The 
percentage hydrophobicity Is calculated from the data table from such an analysis: the 
number of hydrophobic data points (the moving average numbers that are positive) Is 

1 0 divided by the total number of aa of the peptide. Preferably 70 % of the data points from 
the Kyte ^ Doolitile hydrophobicity analysis are hydrophobic, more preferably 80 %, 85 %, 
90 %, 95 %. 98 %p or 1 00%, In Increasing order of preference. 

To Illustrate the Kyt&-Doolittle hydrophobidty profile, table 1 describes hydrophobic 
peptides from a variety of sources that can be used to produce a fusion protein for the 

1 5 Invention, white their accompanying hydrophobic!^ profiles are represented in Figure 1 . 
This figure also lists the percentage of hydrophobicity. 



A hydrophobic peptide for the present invention preferentially comprises a 
sequence of between 3 to 200 amino acids, more preferably 4 to 150, even more 
20 preferably 4 to 1 00, still even more preferably 5 to 75, and most preferably 6 to 50 amino 
acids. 

The hydrophobic peptides that can be used to produce a fusion protein for the 
invention, can be derived from different regions of the donor protein they originate from. 
25 For instance: 

• N-termlnaily: 

N-terminal hydrophobic peptides such as signal sequences can be derived from 
proteins as diverse as mefittin (honey bee venom), human tissue plasminogen 
activator (TPA), yeast mating pheromone alpha-factor, baculovirus envelope 
30 glycoprotein gp67, or pseudorabiesvirus gX. These signal sequences have been 

reviewed by Izard & Kendall (1994, Mol Microbiol. voL 13, p. 765-773), Claros et al. 
(1997, Curr. Opln. Struct. Biol., vol 7, p. 394-398), and Lammertyn & Anne (1998, 
FEMS Microbiol Lett, vol 1, p. 1-10). 

• Internally: 

35 internal hydrophobic peptide sequences are for instance transmembrane regions 
(TMI^), these can be situated dose to the N- or C-terminus of a protein, but also 
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further IntemaJ. forlnstance in case of proteins with membrane spanning segments. 
Examples are the membrane anchor from measles virus hemagglutlnirv. 
neuraminidase; transmembrane signaling receptors like the "seven membrane- 
spanning domain- receptors: membrane channels; cellular poras. and pumps, etc. 
Such signals are reviewed by Goder & Spless (2001. FEBS Lett, vol. 31. p. 87-93). 
von Hellne & ManoB (1990. Protein Eng.. vol. 4. p. 109-112. and in general textbooks 
like Molecular Otology of the CeU. by Alberts et al. (2002. Garland Science publ.. ISBN: 
0815340729). 
C-temninaliy: 

C-temiinal hydrephoblc peptides are for instance glycosyl phosphatwylinosltol (GPI) 
anchoring signals, fbr Instance firom the Otemilnus of the human CD14 (monocyte 
dlfferentlatton antigen (NCBI protein database accession number P08571). the 
chicken T6F-li neurotrophic factor receptor 1 (NCBI acc. nr. 013156). and the 
Sacharomyoes cerevlslae ceil wall protein 1 (see table 1 and Figure 1). The 
characteristics of such GPI anchors are reviewed by P. Englund (1993. Ann. Rev. 
Biochem.. vol. 62. p. 121 ~ 138), and Chatteijee & Mayor (2001, CeB. Mol. Life Sd.. 
vol. 58, p. 1989-1987). 

NB: "The NCBI protein- and nudeic acid sequence databases can be reached 
through the Internet at http://www.ncbl.nlm.nlh.gov, and their use for the purpose of 
obtaining a. o. nucleic add- or protein sequences is well-known in the art. 



Table 1 : Examples of hydrophobic peptWes for use in the invention 



Donor profceln 


NCI 

acc. nr. 


31 

aa nr. 


Peptide's 
location in 
donor 


Peptide's aa sequence 
{from N- to C-terminus) 


Melittin 


AAKg2098 


1-21 


N-temi. 


MKFLVNVALVFMWYISYIYA 


DAF 


B26359 


352 - 381 


C-tenn. 


TSGTTRIJLSGHTCFTLTGLLC3T 
LVTWIGLLT 


CWP1 


BAA07193 


218-239 


C-lerm. 


GAKAAVGMGAQALAVAAAYLL 


mm 


P35971 


35-58 


IntemaJ 


PYVLUWU=VWIFLSLIGLLAIAGI 


HHV-4 EBN A.3C 


S27922 


281-300 


Internal 


EENLLDFVRF MGVMSSCNSS 



CWP 1 = Sachanmyoea cett wall protein 1; MV HN = measles^rus hemagglutlnin^eurarnlnWase-. 
HHV-4 EBNA-3C = human herpesvinis 4. nuclear antigen EBNA-ac 
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The computer package used to calculate the hydrophoblcity profiles represented In 
Figure 1 (Gone Manager, SdEd software. Durham, USA) attributes a value above zero to 
hydrophobic amino acid stretches, while hydrophlllc stretches score negative values. The 
moving average is calculated over a window of 5 aa. 
5 it goes without saying that when employing different computer packages to 

calculate sudi a profile, there may be slight differences. However, the difference between 
hydrophobic and hydrophlllc amino acid regions will remain clear. 

In literature, fusion proteins are commonly expressed to facilitate purification 
1 0 during downstream processing. However, the fusion peptides used for that purpose do not 
qualify as hydrophobic peptides for the invention. . 

An epitope is understood to be that part of an antigenic molecule to which a T-cell 
1 5 receptor will respond, or to which B-cells will produce antibodies. A protective epitope for 
the Invention will therefore Induce spedfic T-cells or activate B-celte to produce specific 
antibodies such that these cells or antibodies give rise to an immune reaction that 
interferes with the course of an infection or disease. Thus, through such protective 
epitopes, a protective Immune response can be generated. 
20 The protective epitope is comprised In the core polypeptide part of the fusion 

protein for the Invention. 

The heterologous hydrophllic peptMe that Is connected to the core polypeptide 
may also contain an epitope. The presence of more than one epitope in the fusion protein 
may even enhance the immunologic effectivity of the fusion protein of the present 
25 Invention. 

Tod^, a variety of techniques are available to easily identify protein epitopes. One 
empirical method that is especially suitable for the detection of B-cell epitopes, Is the so- 
called PEPSCAN method. This is described by Geysen et al. in Proc. Natl. Acad. Sd. 
USA. vol. 81, p. 3998-4002 (1984). J. Imm. IVIeth. vol. 102. p. 259-274 (1987), and patent 

30 applications WO 84/03564 and WO 86/06487. and US patent no. 4,833.092. The 
PEPSCAN method is an easy to perform, quick and well-established method for the 
detection of epitopes. It comprises the synthesis of a series of peptide fragments 
progressively overlapping the prot^ under study, and subsequent testing of these 
polypeptides with specific antibodies to the protein. 

35 Also, given the amino acid (or nucleic add) sequence of any protein (or gene 

encoding It), computer algorithms are available that can designate specific protein regions 
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as the immunologically important epitopes on th© basis of their sequential and/or 
stnictural agreement with epitopes that are now known. The detemilnaUon of these 
regions Is based on a combination of the hydrophillclty criteria according to Hopp and 
Woods (Hopp TP and Woods, K.R., 1981 , Proa Natl. Acad. Sol. U.S A, vol. 78, p. 3824- 
5 3828), and the secondary stnjcture aspects according to Chou and Fasman (Adv. In 
Enzymology, voi. 47, p. 45-148 (1987). and US Patent 4.554,101). An example of a 
program employing a combination of such algorithms Is PepPlot (Gribskov et al., 1986, 
Nucl. Adds Res. vol. 14, p. 327-334). 

1 0 Because T-cell epitopes are normaity hidden in hydrophobic regions of a protein 

that fold away from the polar, hydrophlHc exterior (whksh Is generally the location of B-cell 
epitopes), the hydrophobic character of the heterotogous peptide to be fused to the core 
polypeptide is particularly suited for Incorporating a T cell epitope. 

As Is reviewed by Berzofsky et al. (1987, Immunol. Rev., vol. 98. p. 9-52), T-cell 

1 5 epitopes consist of short linear stretches of amino adds, and can only be presented to the 
immune system in the cmtext of MHW after their processing by APCs. 

One of many examples is the EBNAr3C nuclear antigen from human herpes vims 
4 (NCBI acc. nr, 827922), also described in table 1 and in Figure 1. 

T-cell epitopes can be predicted from a sequence by computer like B-cell epitopes, 

20 with the aid of Berzofsky's amphiphillcity criterion (1987, Science, vol. 235, p. 1059-1062). 
This was reviewed by Lu et el. (1992, Vaccine vol. 10, p. 3-7). An Illustration of the 
effecttveness of using these methods was published by H. Mangalit et al. (1 987, J. of 
immunol-, vol. 138, p- 2213-2229) who describe success rates of 75 % in the prediction of 
T<B\\ epitopes using such methods. 

25 

The heterologous hydrophobic peptide and/or the core polypeptide may also 
contain other immune-activating signatures. Such signatures may comprise immuno- 
stimuiatory signals like from chemokines or immunotoxins. 

30 

The prefen^d way to produce a fusion protein for the invention is by using genetic 
engineering techniques and recombinant expression systems. These may comprise using 
(recombinant) nucleic acid sequences, URCMs and host cells. 

35 Nucleic acid sequences that can be used to encode a fusion protein for the 

invention can be obtained, manipulated and expressed by standard molecular biology 
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techniques that are well-known to the skilled artisan, and are explained In great detail in 
standard text-books like Sambrook & FUJssell: Molecular cloning: a laboratory manual 
(2000, Cold Spring Harbor Laboratory Press; ISBN: 0879595773). 

To oonstruc^ a nucleic add encoding a fusion protein for the invention, preferably 
5 DMA plasmids are employed. Such plasmids are useful e.g. for enhancing the amount of 
DNA-lnsert. for use as a probe, and as tool for further manipulations. Examples of su<*i 
plasmids for cloning are plasmids of the pBR, pUC, and pGEM series, all these are 
available from several commercial suppliers. 

The DMA encoding the polypeptide core and the hydrophobic peptide can e.g. be 
10 cloned Into separ^ plasmids, be modified to obtain the desired conformation and next be 
combined Into one recombinant plasmid; the reading frame of peptide and cor© is aligned 
In sudi a way that a single continuous fusion protein can be expressed. 

Modifications to the nucleic add sequences that could encode the hydnDphobic 
peptide and/or the core polypeptide for the invention may be performed e.g. by using 
1 5 restriction enzyme digestton, by site directed mutations, or by polymerase chain reaction 
(PCR) techniques. Standard techniques and protocols for performing PGR are for 
Instance extensively described In C. DIeffenbach & G. Dveksler, PCR primers: a 
laboratory manual (1995, CSHL Press. ISBN 879694473). 

For the purpose of protein purification, detection, or improvement of expression 
20 level, additional sequences may be added. This may result In tiie final insert In the 

recombinant nucleic acid molecule or plasmki being larger tiian the sequences coding for 
the fusion of tiie hydrophobic peptide and ttie core polypeptide. When such additional 
element ace Inserted In frame, Uiese become an integral part of ttie fusion protein for the 
Invention. 

25 An essential requirement for the expression of the nucleic add sequence firom the 

recombinant nucleic acid molecule is tiiat the nudeic acid Is operabiy Unked to a 
transcriptional regulatory sequence such that It Is capable of controlling fiie transcription of 
the nudeio add sequence. Transcriptional regulatory sequences are well-known in the art 
and comprise l.a. prortraters and enhancers. It is obvious to those skilled in the art that the 

30 choice of a promoter extends to any eukaryotic, prokaryotlc or viral promoter capable of 
directing gene transcription, provided that tiie promoter Is functional in the cells used as 
host cells for protein expression. 

Bac^rial, yeast, fungal, Insect, and vertebrate cell expression systems are used 
35 very frequentiy. Such expression systems are well-known in the art and generally 
available, e.g. commercially through Invitrogen (the Netiieriands), 
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A host cen to be used for expression of a fusion protein for the Invention may be a 
cell of bacterial origin. e.g. from Escherichia coll. Bacillus Mis, LBCtobaoiHus sp. or 
Caulobacter crescentus. in combination with the use of bacteria<ierivBd plasmlds or 
bacteriophages for expressing the sequence encoding the fusion protein. The host cell 
may also be of eukaryoBc oHfllr.. e.g. yeast-cells In combination with yeast-spedfic vector 
molecules, or higher eukaiyotic oeBs, Dke Insect cells (Luckow et al; Bio-technology 6: 47- 
55 (1988)) in combination with vectors or recombinant baculovlnises; plant cells m 
combination with e.g. Ti-plasmld based vectors or plant viral vectors (Barton. K.A. et al; 
Cell vol. 32. p. 1033 (1983)); or mammalian cells like Hela cells, Chinese Hamster Ovary 
cells (CHO) or Crandell-Rees feline kidney-cells, also with appropriate vectors or 

recorhbinant vinses. 

An example of an expressed fusion protein for the invention, is the avian influenza 
virus H5 HA protein-core (e.g. derivable from NCBl aca nr. CAC28131). fused to a 
heterologous hydrophobte sequence, and expressed in the baculovirus expression vector 
system. 

Next to these expresston systems, plant cell, or parasite-based expression 
systems are attracttve expresskxi systems. Parasite expression systems are e.g. 
described in the French Patent Application, publication number 2 714 074. and in US 
NTIS publication no. US 08/043109 (Hoffman, S. and Rogers. W.. 1993). Plant cell 
expression systems for polypeptides for biological application are e.g. discussed In R. 
Fischer et aL (1999. Eur. J. of Blochem.. vol. 262. p. 810-816), and J. Urrick et al. (2001, 
BiomdI. Engm. vol. 18, p. 87-94). 

Expression may also be perfbrmed In so-called cell-free expression systems. Such 
systems comprise all essential factors for expression from an appropriate recombinant 
nucleic add. operably linked to a promoter that will function in that particular system. 
Examples are the E. coll lysate system (Roche. Basel. Switzerland), or the rabbit 
reflculocyte lysate system (Promega corp., Madison, USA). 



In a prefened form of this aspect of the invention, the Immunogenic composition 
according to the Invention is characterized in that the core polypeptide Is a component of 
a protein of an organism of the phylum Apicomplexa. 

To the phylum Aplcomple>a belong several taxonomic groups with members of 
(veterinary) medical relevance. e.g. the Plroplasmlda. the Cocddia. and Hemosporida. 
The Invention couW for Instance very well be used to produce a fusion protein comprising 
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a Ptosmodlum yoefii MSP-lio core (Ung at aL. 1994, Parasite IrTununoL, vol. 16, p. 63-87). 
that Is fused to a heterologous hydrophobic peptide. 

In a more preferred form, the Immunogenic composition according to the Invention 
5 is chaiaderteed In that the core polypeptide is a component of a protein of an organism of 
the Piroplasmida or of the class Coccidla. 

To the Piroplasmida belong several relevant taxonomic groups, e.g. the 
Babesildae and the TheDeriidae, with for example respective relevant genera Babesia and 
Thelleria. 

10 To the Coccidla belong a.o. the Eimerlidae, Cryptosporldttdae and the 

SarcocysUdae. comprising relevant genera such as Eimeria, Cryptosporidium, Neospora 
and Toxoplasma. 

In an even more preferred form of this aspect, the immunogenic composition 
1 5 according to the Invrntion is characterized in that the core polypeptide is a component of 
a proton of an organism of the genera Eimeria or Babesia. 

As outlined above, the hydrophobic peptides that can be used to produce a fusion 
protein for the invention, can be derived from different regions of the donor protein they 
20 originate from. For instance: N-terminally, intemally, or C-termlnally. 

Therefore, In an alternate preferred embodiment of the first aspect of the invention, 
the heterologous hydrophobic peptide is from an N-termlnal hydrophobic sequence. 

In an other alternate preferred embodiment of the first aspect of the invention, the 
25 heterologous hydrophobic peptide Is from an internal hydrophobic sequence. 

In yet an other alternate preferred embodiment of the first aspect of the Inventbn, 
the heterologous hydrophobic peptide is from a O-terminal hydrophobic sequence. 

30 In a preferred embodiment the C-terminai hydrophobic sequence is from decay 

accelerating factor (DAP). 

Decay accelerating factor, known as CD 55, has a hydrophobic amino add region 
at its C-tenmlnus. This functions as a GPl anchor (reviewed a. o. by Nicholson-Weller & 
Wang, 1994, J. Lab. Clin. Med., vol. 123, p. 485 -491). The hydrophoblcify profile Is 

35 illustrated in Figure 1. As represented in table 1 , the amino add sequence of the DAF C- 
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terminus that was used corresponds to amino acids Thr.352 up to and including Thr.381. 
which is the last aa of the peptide sequence (NCBl acc nn B26359). 

The use of the DAF C-tennlnal hydrophobic region In fusion protein constructs has 
been described beforB (ag. Field et al.. 1994, J. Blol. Chem. vol. 8. p. 10830-10837). 
5 Howwer this was always directed to the purpose of studying the mechanism of anchoring 

and r^ease of surface proteins. 

An illustraton of cloning and expression of a fusion protein for the invention Is e.g. 
the fusion of the human DAF Ctemiinus to the B. divergens Bd37 core polypeptide, as 
described in examples 1 and 2. Vaccination with an Immunogenic composition based on 
1 0 this fusion pnateln Is describe in example 3. 

in still another preferred embodiment of the first aspect of the Invention, the 

saponin adjuvant Is Qutllaja saponin. 

Saponins have been extensively described above. 



15 



20 



In the most preferred embodiment of the first aspect of the Invention, the 
immunogenic composition according to the invention is characterized In that the fusion 
protein comprises the Babesia diveigens Bd37 core polypeptide with Otenninal fusion of 
the C-termlnal hydrophobic sequence from DAF. and the saponin adjuvant Is Qufl A. 

The parasltB B. dfveigens Is transferred via an arthropod host, causes babesiosis 
In bovlnes. and Is a known zoonosis fbr humans. This was reviewed by KutUer. K.L. 
CBabeslosls of domestic animals and man". ^A. Rlstlc ed.. 1988, CRC Press. Inc.. Boca 
Raton, Fla.. USA. 

25 The a dtveigens. Isolate Rouen 1987. was derived ffom a human Babesiosis 

patient, and was used to study the Bd37 exoanOgen. as described by B. Carey et al, 
(1995, Infect & Immun.. vol. 63. p. 811 - 817). The nucleotide sequence of the 
oon«spondlne cDNA Is available under acc. nr. AJ422214 from the NCBI database. The 
core polypeptide of Bd37 that can be used as a core polypeptide for the InvenUon. 

30 comprises the Bd37 sequence as available under NCBI aca nr: CAD1 9563 without the N- 
terminal and C-terminal hydrophobic sequences. For Instance the Bd37-core consists of 
8er-25 up to and Including Ser-316 from NCBI aca nr. CAD195e3. 

PublUatlons exist that describe vaoclnaHon experiments with a Bd37 core 
polypeptide: N. Grande et al. (1998. Parasitology Int vol. 47, p. 269-279) perfomied 

35 vaodnaHon experiments with B. divergens exoantigens (amongst others containing the 
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soluble version of Bd37 which is similar to the core polypeptide) in free Quit A. However, 
no fusion protein for the invention was used or contemplated. 



6 Another aspect of the Invention relates to an Immunc^enic composition for use In a 

vaccfne. 



A further aspect of the present invention relates to a vaccine characterized in that 
10 it comprises an Immunogenic composition according to the Invention and a pharnna- 
ceuflcaily acceptable carrier. 

A pharmaceutlcally acceptable carrier is understood to be a compound that does 
not adversely effect the health of the subject to be vacdnatedp at least not to the extent 
that the adverse effect is worse than the effects seen when the subject is not vaccinated. 
15 A pharmaceutlcally acceptable canier can be e,g. sterile water or a sterile 

physldogtcal salt solution. In a more complex fomn the carrier can e.g. be a buffer. 

The vaccine, or the vaccine with additional Immunoac^ve component(s) according 
to the Invention may additionally comprise a so-called "vehide". A vehicle is a compound 
to which the fusion protein adheres, without being covaiently bound to it Such vehicles 
20 are La. bla4inicrDcapsute8, microalglnates, liposomes and macrosols, all known In the art. 
In addition, the vaccine may comprise one or more suitable surface-active compounds or 
emulslflerB, e.g. Span™ or Tween™. 

Often, a vaccine Is mixed with stabilizers, e.g. to protect degradation-prone 
proteins from being degraded, to enhance the shelf life of the vaccine, or to Improve 
25 freeze-drying efficiency. Useful stabilizers are i.a. SPGA (Bovarnlk et al., 1 950, J. 

Bacteriology, vol. 59, p. 509 ), caribohydnates e.g. sortsltol, mannitol, trehalose, starch, 
sucrose, dexlran or glucose, proteins such as albumin or casein or degradation products 
thereof, and buffers, such as alkali metal phosphates. In addition, the vaccine may prior to 
application be suspended in a physiologically acceptable diluent It goes without saying, 
30 that other ways of adjuvating, adding vehicle compounds or diluents, emulsifying or 
stabilizing a protein are also embodied in the present invention. 

A preferred embodiment of the vaccine according to the invention relates to a 
35 vaccine characterized in that it comprises at least one additional immunoactlve 
component 
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The additional immunoactive compcnent(s) may be an an«gen. an Immune 
H nrasItLe and/oravacclne;e«herofihesemayoompriseanad,uvant 
^'*"Tl^-n-unoa^ecomponent(s)w..^ 
5 consJa^a,*genlcen«yafhumanorveter.na^imporiance..tm^^^^^ 

ZpT^a tLlogteal or synthe«c molecule such as a protein, a carbohydrate, a 
comprtee a g y ^ protelnadous antigen, or a .ecombinant 

T Z« 2 or LRCM containing such a nucleic add. may be a way to deliver the 

-'^-'?:rdrair:::r:^^^^ 

substance may ag. comprise chemoKines.and/orlmmunosOm..ato,yse«,uences(e.g. 

'^''"Z^.lvely.lhelmmunogen.ccomposl.ion.orthav 
invention, may Itselve be added to a vaccine. 

20 -n^e vaccine according to the Invention can be administered to a 

tomethl..nownlntheart.dependingonthepariiculardlseasetobeprotectedaga^^ 

luch methods comprise application e.g. parentarally. such as through a „,utes of 
mjedion into or th«H«h the akin: e.g. Intramuscular. Intravenous. Intraperitoneal 
irirademial. submucosal, or subcutaneous. Also, they may be applied by topical 
25 IX^asad.p.spray.ge.oroln^entU>themucosaleplthe„umo^^^ 

nlth anus orva8lna.orontotheepldemilsoftheoutersklnatanypartofthebody. 

rr'p^^LrouLorappllcaUonarebyspray.ae.0^^^^ 
^aLviatheresplralnrytmcLlnthlslastcasethepartlcleslzethat.sused>«^^^ 

ho* deepL particles v^l penetrate into the respiratory tract Altematwely. 
30 aX^rnbniaJalln.ntaryroute.bycomb.lngwnhmefood.feedor 
l'!^asapowder.aliqu.d.ortab.et.orbyadm.nbt«t.ondir^^ 

liquid, a gel. a tablet, or a capsule, or to the anus as a suppository. 

,tgoesv«houtsaylngthattheoptlmal..uteofappncationw.llde^^^^^^^ 

partlculaLofthelnfectlonordlseasethat IS to be prevented or ameliorate 

35 characteristlcsofthelmmunogeniccomposltlonorvacdnethatlsused. 
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Target subjects for the vaccine aca^rdlng to the Invention may be humans or 
animals; animals may be fish, birds, amphibians, reptiles, birds or mammals. These 
targets may be healthy or diseased, and may be seropositive or -negative. The target 
subjects can be of any age at which they are susceptible to the vaccination and/or to the 
5 Infection or disease It aims to protect against 



Vacdnes based upon a fusion protein for the Invention can very suitably be 
administered in amounts containing between 0.1 and 100 micrograms of protein per 
subject, smaller or larger doses can in principle be used. 

10 



The adverse effect that may be observed at the site where a vaccine or a 
pharmaceutical compound has been applied to a subject, Is commonly known In the art as 
the '^iocal" or ''adverse" reaction, and may be observed and scored in various ways. 
15 • observationaily: discomfort or lethargy In the subject, temperature increase, 

locomotory disfunction, reduced feeding, drop in production of e.g. mWK eggs, or feed- 
conversion rate. 

• macroscopically: size of a swelling, color, presence of hemonrhage or edema, tissue 
oonsistenQ(, abscess formation or necrosis. 
20 • microsooplcally: tocalization of lesions to particular tissue- or ceil-types, type of 
lesions, severity eta 

It Is one of the merits of the present invention that saponin adjuvant can be used in 
free form In such a low concentration that there is no significant development of signs of 
such local reac^ons. 

25 For the purpose of the invention, saponin concentrations between 1 Mg and 5 mg 

per dose can be used depending on thie specific composition and target species. 

Prefsrably saponin concentrations are employed such that saponin micelles are 
not formed Intentionally. For Instance for Qui! A this would mean using a concentration 
below the critical micelle concentration (cmc) of 300 pg/ml (0.03 %) (I^oreln, B. et a1., 

30 1984, Nature vol. 308, p. 457-460). and for QS-21 a concentration below the cmc of 26 
|jM (C.R. Kensil, Chapter 15, in: Vaccine adjuvants, D.T. O'lHagan ed., Humana press 
2000. iSBIM: 0686037355). The concept of micelle fomning at cmc is well-knawn to man 
sidlled in the art, and is e.g. descntied in "Remington: the science and practice of 
phanmacy" (chapter 21, 20<^ ed. 2000. Uppincot, USA, ISBN: 683306472). 



35 
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vaccines based upon the Immunogenic composltton according to the Invention are 
also very suitable as matker vacdnes 

For reasons of e.g. stabilty or economy the vaccine of the invention . or the 
vaccine with additional Immunoactlve component(5) may be freez&mried. Generally this 
will enable prolonged storage at temperatures above zero ' Celsius. 

Procedures for freeze<lrying are known to persons skilled In the art; equipment fbr 
freeze-drying at any scale is available commercially. 

Theretore. In a more prefened embodiment the vacdne according to the Invention 
is charaderizBd in that It Is in a freeze-driad form. 



15 An other aspect of the present invention is a method for ttiepreparafcn of a 

vaccine according to the Invention, characterized In that the method comprises admixing 
an Immunogenic composltton acconllng to the invention and a pharmaceutically 
acoeptable carrier. 

20 The immunogenic composttton and the phamiaceuflcaliy acoeptable carrier can be 

combined Into a vacdne in several ways, e.g. via admixing. The resulting vacdne can be 
In several fomis, e.g.: a liquid, a gel, an ointment, a powder, a tablet, or a capsule, 
depending on the desired method of appHcation to the targei 



25 



An other aspect trf the invention comprises the use of an immunogenic 
composition acconllng to ttie Invention for the manufacture of a vacdne. 



30 



The present invention will now be further described with reference to the following, 
non-limiting, samples. 
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Examples 

Example 1: qonfna of reoo mbinant constructs 
5 Bd37cDNA: 

The isoletton and cloning of the Bd37 gene from ttie parasite S. divergent, strain 
Rouen 1887, has been extensively described In EP 1050541, example 1. In brief: a cDNA 
expression-library was prepared from the mRNA of B. divergens, strain Rouen 1987 
Infected hunvan erythrocytes. The library was screened with an antl-Bd37 polyclonal 
1 0 antisemm. From a positive clone the insert was rescued, and subcloned to generate 
plasmid pBK-CMV-Bd37. 

Hls+Bd37*core 

Using the pBK-CMV-Bd37 plasmid <EP 1050641, example 1) as template, the 
1 5 central part of the gene of Bd37 without N- or C-temninai hydn:>phobic sequences the 

Bd37 insert was amplified using primers pQEUp and pQEDown (see table 2) by 20 c^oles 
of 1 mln 94 "C, 1 mln 55^*0, and 1 min 72<'C, with 200 pM of each dNTP, 200 nl^ of each 
primer, 2.5 U TurboPfu^" polymerase enzyme (Stratagene), in 50 pi final volume. 
Template DMA was used in quantities between 50 ng and 1 pg depending on the desired 
20 yield. 

Primer pQEUp creates an in frame BamHI site, while primer pQEDown creates a 
Hindlli site. After BamHI - Hindlll digestion a nucleic add was obtained, comprising the . 
part coding for the core of the Bd37 protein from Ser-25 up to and including Ser-316 (from 
NCBi acc. nn CAD1 9563). 

25 Primers were synthesized by Sigma-Qenosys (Cambridge, UK). 

The PGR product was purified by agarose gel electrophoresis, by loading onto a 
0.8% agarose gel (electrophoresis grade, Euroblo, Prance) running in 0.5 x TAE (made 
from 25x TAE stock soluflon, Euromedex) at 100V In a run-One^ electrophoresis system 
(Bioblock, France). The band corresponding to the desired product was excised from the 

30 gel, and the DNA was isolated from the gel slices using a gei-extraction Spin kiiT^ (Q-Blo» 
Gene), the DNA fragment was digested with BamHI and Hindlll and gel purified again. 

The resulting fragment was iigated into BamHl-Hindlll digested pQE»30 vector 
(Qiagen), by ligation with T4 DNA llgase (MBI Fenmentas, France) In 1x iigase buffer (MBI 
Femnentas) supplemented with 2 mM ATP (Sigma), at room temperature during 3 hours. 

35 The ratio vectoninsert was usually 1 :3, wherein the amount of digested vector used was 
between 0.6 and 1 pg» 
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The plasmld had been phosphatase-t^eated afterthe ^^"^ ^^l^^^^^^ 
^Ca.f.nLna,/^..nePhosphatase(C..P.Promega)in1xCU.P buffer (^^^^ 



10 



15 



20 



relceB.we.P-atedonamp,d«ncontaln.ngagarp.ates, and colonies^ 

Z oxp^lon Of Bdar pmteln by protein min.exp.Bssion. Brm, a small scale (5 
baoteloulture in LB medium was InlUated by 1(>-fo.d dilution of an ove^^^^^ 
Lr 2 h IncubaBon at arc with shaKlng, recombinant protein expres^^ 
addWonof 1 mM.F^G(Euromedex).A1ter3hof.nduc.lon.oellswere»«^^^^ 

centrlfugation (15 mln. 4000 xg) and tysed In 1 ml of denaturing lysis buffer (8 M u.ea. 1% 
r^ln X-100. 50 n*flTris.pH:»8).Lysates were sonlcatedforzminutes with 

ple^^use cycles on Ice. and centrlfugated (1 5000 xg. 10 mln). Clarifled Ij^tes we.. 
20 mln on loe With occasional Shaking in presence Of 50 PI of ^r^A^^^ 

,BSln (Qlagen). Loaded resin was washed thrice with 1 ml of washing buffer (8 M urea. ^ 
X^X.10?.5LMTrls.pH= 6.3) and protein elutedw«.elu«onbufr.r(8Mu^^ 
IX-IOO. 50 mMTds.pH=4.5). The presence of recombinant p«,lBln was as^^^^^^^^ 
SDS-PAGE in 12% poly^rylamlde gel. which was stained with Coomassle Brilliant blue 
(CBB) and by Western blot wHh anU-Hlstag monoclonal anUbody (Qiagen). 

From one ampidlln-reslstant colony, positive for Bd37 expression, a bacterial 
culture was produced by overnight Incubation in 5 ml of LB medium, at 3rC with shaking, 
and plasmld pQE-His.Bd37 was isolated using the JetQuld<« mlnlprep kit (Q-Bto-Gene. 
France)u8lng2mlaftheovemlghtcuBure. ^.^^r^^^tr. 

Thixnigh the use of the pQE-30 vector a 6 aa Histidine linker is fused In frame to 
the Bd37 core polypeptide. 

""*®?«,cedure8 similar to the ones for the 6xHl^Bd37-core constrnd described above, 
were used to produce pQE-HIs-GST. Plasmld pGEX 4T1- (Amersham biosciences) was 
used as templatefor primers pQEGSTUp and pQEGSTDown(see table 2), thisw^^^^ 

> glutathlone^transferase gene was amplified. The PCR product was gel-purlted.^mHI 
and Hlndlll digested, and ligated into digested, dephosphorylated pQE.30 vector. This 
vray the 6 x Histidine polypeptide and the GST peptide weiB fused in frame. 

three rounds of PGR: In the first round. pBK^MV-Bd37 plasmld was used as template ibr 
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primers T3 and Bd37recursUp {see table 2). The resulting PGR product was gel purtfied, 
and used as template for a second round of PGR: 100 ng of the PGR product was 
amplified with 50 nM of primer Bd37recursEnd and 400 nM each of primers T3 and 
Bd37DAFc. The resulting PGR product contained the Bd37 core, wfth Its native N-termlnal 
5 hydrophobic sequence and a 0*enfrtnal fusion of the DAF C-tsrmlnal hydrophobic region. 
This PGR product was gal purified, and given a 3* deoxy-Adenoslne overhang by a 30 min 
incubation with Taq polymerase (Blgma) In amplification buffer comprising 1 mM ATP at 
72 "C, and was then doned into plasmld pGR-ll (Invltrogen) using the TOPO TA™ cloning 
kit (Invltrogen). Finally this construct was used as template for primers pQEUp and 

1 0 pQEBd37DAF, to Introduce BamHI and HIndlll restriction sites, and to remove the N- 
termlnal signal sequence. This fragment was cloned In digested dephosphorylated pQE- 
30 vector as desorfbed above. The completed construct was verified by DNArsequendng. 
performed by Genome Express S.A. <Meylan, France) using the Big Dye terminator 
method . The resulting insert comprised the Bd37-oore fused N-terminally to 6xHis and C- 

15 tenninally to the DAF-C-temninal hydrophobic region. 

QST+Bd37-core 

Using similar procedures as outlined above* a ptasmid able to express an In frame 
fusion of GST peptide and Bd37 core polypeptide was constructed. To this purpose pBK- 

20 CMV-Bd37 ptasmid was used as template for primere pQEUp and pQE70N. These 

primenEi provide the resulting amplified fi-agment vrith In fiBme BamHI restriction sites. The 
PGR product was digested wfth BamHI and llgated to BamHI digested and 
dephosphorylated pGEX vector. Ugation product was transfected into JM109 cells, cells 
were plated, pGEX-GST-Bd37 plasmld was isolated and verified for recombinant protein 

25 expression by pretsln mini-expression method, as described above (except that the lysis 
bufi^r was PBS containing lysozyme at 1 mg/ml and 1% v/v TX-100, the washing buffer 
was the same as the lysis buffer and elution was perfomned in 50 mM Tris, pH^S 
containing 45 xrM Glutathione (Sigma). 



30 



The various naoomtiinant (rec) proteins that could be expressed from these 
plasmld Inserts are depicted grephlcally In Figure 2. 
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2: PGR primers used In the conslrucUon of the Bd37 



Name I 
T3 


nMA. nrimer seouence (from 5' to 3 ) 
'ATx&AnrcTCACTAAAGGGA 


pQEUp 
oQEDown 


AAxrarirAATAATGGATGCTGCACCAATCTC 
GAAGGATGGCTTAAGCnTACTAQATCCCTG 


pQEGSTUp 


ACACAGGAAACAGGATCCATGTCCCCTATA 


pQEGSTDown 


CGCGAGGCAGATAAGCl 1 ICAGTCACQAIU 


6d37recursUp 


CGTGTGCCCAGATAGAAGACGGGTAGTACCHjAAGTACTAG 
ATCCCTGACCTGATCCTGCAGC 


BdSTrecursEnd 


CGTCyrrCTATCTGGGCACACGTGTn CAOGTTGACAeto 1 1 it, 
CTTGQQACGCTAQTAACCATGGGCTTGCTQACTTAG 


Bd37DAFc 


CTAAGTCAGCAAGCCCATGGTTAC 


pQEBd37DAF 


CCCAAGCTTCTAAGTCAGCAAecuCAT 


PQE70N 


TGGCTTCTTAGGACTGGATCCCTGACCTGA 



5 



c^mp|B 9; l=}tniesal<;>n orotelns 
Bacterial protein expression: 

10 Q«^.>|nftltrgnBfertlon; „ 

For each recombinant protein to be expressed, an overnight preculture of £. cotf 
was transf ected by etedroporation. Gonstnicts In pQE plasmJds were transfected into £. 
cotf strain M15[pREP4l (Qiagen). and the pGEX-GST-Bd37 plasmld was transfected Into 
E COB BL 21 (Amereham blosdenoes). Eleotroporatlon was perfomied using the 

15 Piokaryote module of a GenePulser IP- (Bio^^. In 1 mm cuvettes (Bto-Rad) In an 

eleonoporatlon medium of 272 mM glucose. 5 mM MgCI, and 1 0 % {vN) glycerol in water. 
The electric pidse was set to 1 .5 IcV. 200 Q. 25 yF. Next the cells were incubated m SOC 
medium for one hour at 37 'C. and plated on amplcilln containing LB agar plates. The next 
day Individual colonies were checked for possession of the correct plasmld by plasmld- 

20 mmiprep using JetQuldc mlnlprep kit (O-Blo^ene). and some of these were tested for 
correct expression of the desired rec protein by protein mlnl^xpression as described 
above. 
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parite y^al expression: 
pQ£ constructs: 

E. coU M15[pRE41 cells oontairting Uie different pQE plasrhld oonstruds were each 
cuttured ovenrifght in LB medium at 37 ''C containing 100 \ig ampidlln, 25 MgAnI 
kanamycin, and 0.01 % v/v antrfbam 209 (Sigma). Next moming the culture was diluted 
1:10 in fresh medium and cultured for an additional hour. Then expression of the inserted 
fragment was Induced by addition of ImM liPTG. Cuituring was continued for 4 additional 
hours. Next cells were pelleted by centrtfugation (4000 xg, for 20 min) and resuspended in 
Histag lysis buffisr containing 1% vAr Triton X-IOO'^, 1 mg/ml lysosyme and 1 mM phenyl 
methyl^ulphonyl fluoride (PMSF) (Sigma). Lysate was stored at-SO^'C until use. 

After thawing. 500 U DNAse ( enzyme (Life Technologies) was added. Incubated 
20 min on Ice, next the suspension was sonicated on ice for 2 minutes with 2 second 
pulse-pause cycles. TTie sonicate was centrif uged at 9000 xg for 20 minutes. The 
supernatant was filtered sequentially through 1.2, 0.45 and finally through 0.22 pm filters 
(Pal! Gelman, France). Finally the filtrate was separated on FPLC Ni^* HiTrap™ columns 
(Pharmacia}. The loaded column was washed with Histag lysis buffer supplemented with 
20 mM imidazole (Sigma). Finally ttie rec proteins were eiuted In Histag lysis buffer 
containing 200 nM imidazole. 

pGex constucts: 

£ C0//BL21 cells containing the pGEX plasmld constructs were each cultured 
overnight in LB medium containing 100 pg/ml ampicllln and 0.01 % vA/ antifoam 209 
(Sigma), at 37''C. The culture was diluted 1:10 In fresh medium and cuituring was 
continued fbr an hour. Protein expression was induced by addition of 0.1 mM IPTG, 
cuituring was continued fbr 3 additional houre. Cells were pelleted as descritted above, 
resuspended In phosphate buffered saline (PBS) containing 1 % v/v Triton X-1 OtP^, 1 
mg/ml lysosyme. and 1 mM PMSF. As described above, the lysate was stored at -80*C, 
thawed, mbced with DNAse I, sonicated and centrlfuged. The supernatant was purified 
over Qlutathione-Sepharose beads (Sigma). The beads were washed with PBS/1% TX- 
100^ and rec protein was eiuted in a buffer containing 50 mM Tris (pH 8) with 45 mM 
Glutathione (Sigma). 
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SPArRouen 1987: 

Soluble parasitic antigen (SPA) represents the culture supernatant of cultures of B. 
divergens Infected erythrocyte cultures. As described by Carcy et al. (1995. infect. Imm. 

5 vol 63 p 811-817). Based on computerpredlcUon of the deavage of the hydrophobic end 
region^ of Bd37. the SPA form comprises a version Of the Bd37-core polypeptide wrtitch Is 
sHghtly larger at the N-termlnal side compared to the Bd37-core polypeptide used In the 
recombinant constructs: It Is predicted to consist of Asn-20 up to and including Ser-316 of 
the Bd37 protein. Additionally, differences in posttranslatlonal processing between the 

1 0 eiythroQrte and the bacterial host cells may exist 

Briefly, human erythrocytes were cultured in RPM1 1640 (InvHrogen) and 6 gA 
Albumax {purified bovine senim albumin. Invltrogen). atSTX, In a 5% CO^ atmosphere. 
This culture was infected with B. dlvergens parasites, from French human isolate: Rouen 
19B7. at an Initial parasitemia of 1%. at 5% hematoorlle. The culture medium was 

1 5 refreshed daily, until 30-40 % parasitemia was reached. At that time the culture medium 
was used to prepare the oontrol-vaodne with Quli A. 



Figure 3 depicts an SDS-PAGE gel stained with CBB. on which several of the rec 
20 proteins are visualized. Gels were run using standard conditions. Briefly, rec protein 

samples from bacterial cultures as described above, were bdled In sample buffer, loaded 
onto 12 % pdy-acrylamlde gels and run in Tris-Glydne-SDS wnnlng buffer at 140 V. until 
the bromophenol band contained In the SDS-PAGE sample buffer reacJhed the bottom of 
the gel. Next the gels were stained and fixed In methanol-acetic add-CBB and destalned 
25 overnight. Gels were dried under vacuum for 1 hour at 80 'C and finally scanned for 

storage In digital form. 

Because In each lane the same amount of bacterial sample was applied, the relative 
dHIerences in band Intensity reflect the reduced oxpiession efficiency of constructs 
harboring a hydtophoblc peptide. Compare e.g. lanes 2 and 3: 6xHls+Bd37.core Is 
expressed much more efficiently than 6xHls+Bd37-core+DAF 



30 

Example 3- Vaccinatjon -rfianenae experiments: 
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Experimental vaccines: 

The purified bacterlally expressed rec protein was quanlitaled spedrophoto- 
metrically along standard samples, using a Coomassie based protein assay kit (Pierce), 
5 Then it was diluted In RPMl medium wtthout serum to a final protein concentration of lyg 
In an RPI\/I1 volume of 250 pi. and 3 ml of vaccine was prepared (suffident for 12 gerbils). 

For the SPA vaccine, 3 ml of the B. divergens Rouen 1987 Albumax culture 
medium was used In a similar way. 

Afresh stock solution of saponin Qufl A, batch L77-163 (Superfos. Denmark) was 
10 made at 10 mg/ml In RPMl medium, and 90 \i\ of this solution was added and mixed by 
tube flicking (3-4 time, at room temperature) with the 3 ml vaccine solutions. The final 
amount of saponin in each 250 pi vaccine dose therefore was 75 (jg* 



GerbU immunizations: 

15 Each of the rec protein vaccines was applied to the animals of a group of ten 

gerbils (Merlones unguiculatus) of 8-9 weeks old, housed In one cage. Animals ware 
marked for Indh^dual recognition. Two Injectbns of 250 pi were applied subcutaneously at 
tfiree-week intervals. 

As controls, SPA (culture supernatant of 8. dhfergsns Rouen 1987) at 250 )tl/dose 
20 was included. 

One group of gerbils was not vaccinated, and served as challenge control. 
At three weeks after the second vaccination a challenge infection was applied, 
consisting of an intraperitoneal lr\]ection of 1000 gerbil red blood cells Infected with 8. 
divergens strdn l\dunlch. The challenge parasites had previously been passaged through 
25 gerbils three times to assure their virulence. 

At several times pre- and post-challenge blood samples were taken to monitor the 
development of anemia and parasitemia. To reduce animal stress, these values were 
detennined of half the number of gerbils at each sampling date, alternating Vfie sub-groups 
at subsequent dates. Of each experimental group the blood samples of a certain sampling 
30 date were pooled. Hematocrit was expressed as % packed cell volume (% PCV) and 
parasitemia was read microscopically from thin blood smears. 
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Results and discussion: 



Table 3: Results of the vacdnatiorvchallenge experiment 



Vacdne-piotein 


Dose 
(MS) 


% ParasRIzed 

gerbils 


%6erbUswlth 
iht>30% 


% Sun/h/al 


His+GST 


1 


100 


100 


0 


His+Bd37-core 


1 


100 


100 


0 


Hls+Bd37-core+DAF 


1 


10 


10 


90 


GST+Bd37-core 


1 


100 


90 


20 


SPA -Rouen 1987 


250 Ml 


100 


70 


60 


Non-vacxinated 




90 


90 


10 



Percentage of gerbils per group with a drop in hematocrite larger than 30 % 



Except for one animal, all non-vaccinated control animals died after challenge 
infection, Indicating the dnaWenge was of sufBdent severity to allow conclusions on 

10 vaoclne-effloacy. Similar results were obtained for the gerbils Immunized with the 

BxHIs+GST. and the 6xHis+Bd37-core fusion proteins, in which groups all animals died 
with total parasitemia and severe anemia (drop In hematocrit value > 30 %). This indicates 
tfiat no effec^ve protection can be achieved with the 6xHis or the GST peptide 
components, nor wWi the Bd37-core polypeptide Itself. As expected exHis does not qualify 

15 as heterologous hydrophobic peptide for the invention. 

Some protection from challenge was observed in the animals receiving the 
GST+Bd37-com fusion protein vaccine. Possibly this was due to the size of the fusion 
protein (GST: 28 + Bd37-core: 32 kDa), 

However this level of protection was mudi less than thai obtained from the 

20 Hls+Bd37-coro+DAF fusion protein vacdne. This fusion protein with hydrophobic C5- 
temiinus In Qull A was able to protect all but one of the vaccinated animals from death 
and even from signs of Infection (parasitemia and anemia). This difference in sun/lval rate 
was statistically significant compared to that of controls {p<0.01 , X* test). 

As described In EP 1050541 , native Bd37 SPA Rouen 1987 in Qull A does protect 

25 gerbils to heterologous challenge infecSon. However, In the present experiment the 

severity of tiie heterologous challenge made that only 6/10 animals survived, while 7/10 
gerbils developed anemia. 
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Because the challenge strain used (Munchen) was different from the one used to 
obtain the Bd37-core polypeptide and the SPA protein (Rouen 1987). It is termed a 
heterologous challenge. As Is well-known in the art, protection to sucA a heterologous 
challenge 1$ much hanier obtained than to a homologous one. 

No significant negative local reactions were observed with the amount of Quil A 
(75 MgMose) that was used in these vaccinations. 



10 Conclusion: 

These vacclnation-chalienge experiments show that through the presence of a 
heterologous hydrophobic sequence fused to the Bd37-core, this fusion protein in Quil A 
Is able to protect 0/1 0 animals against the consequences of a severe heterologous 
challenge Infection which killed 9/10 unvao^ated animals. Hardly any protection was 
1 5 observed v^th a vaccine of a control fusion protein or an unftised Bd37-core polypeptide In 
Quil A. Moderate protection was Induced by vaccination with the "native Bd37-core" 
polypeptide (SPA) in Quil A. 
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Legend to the figures 

Figure 1- Hydrophobldty proflte accorting to ihe Kyte and Doollttle hydropathy algorithm. 

Amino add numbers are presented along the horizontal axis. The vertical axis lists relative 
5 values of hydrophindty/hydrophobldty; positive values, represented below the median 

{horizontal axis), correlate to hydrophobic amino acids. Window size was 5 aa. 

To the right of the graphs are listed the number of hydrophobic data points, and their 

percentage over the total number of aa In the peptide. The represented peptides (also 

described in table 1} are; 
10 • IMeRtUn. N-tenninus 

• DAF. C-tennlnus 

• CWP 1 : Sacharomyces cell wall protein 1 , C-tenninus 

• m HN: measles virus hemagglutinin-neuraminidase, Internal region 

• HHV-4 EBNApSC: human herpesvirus 4 EBIMA-3C nuclear antigen, Internal region 
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Figure 2: Graphical representation of the recombinant proteins employed in the 
experiments. 



Flgur« 3: SDS-PAGE of rBcBd37 proteins, used for geibfl vaccination; recBd37 proteins 
were expressed In bacteria, purified using Ni-column dwomatography. and loaded onto 
SDS-PAGE gels. Alter eieclrophoresls, the gel was stained, dried and scanned. 

Lanes are as follows: 

M: Molecular weight martcer 

1 : 6xHls+GST 

2 : 8xHl8+Bd37-oore 

3 : 6xHls+Bd37-corB+DAF 
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Claims: 

1 . Immunoganlc composition comprising a fusion protsin and a saponin adjuvant, 
characterized in that the fusion protein comprises a heterologous hydrophobic peptide 
which is fused to the N-temninus and/or to the C-temilnus of a core polypeptide, the 
core polypeptide comprising at least one protective epitope, the saponin adjuvant 
befnglnafreefonn. 

2. Immunogenic composition according to daim 1 , dfiaracterized in that the core 
polypeptide Is a component of a protein of an organtem of the phylum Apfcomplexa. 

3. Immunogenic composition according to daim 2, characterized in that the core 
polypeptide Is a component of a protein of an organism of the PIroplasmlda or of the 
class Coccldia. 

4. Immunogenic composition according to daim 3, characterized in that the core 
polypeptide is a component of a protein of an organism of the genera Eimerla or 
Babesia, 

5. Immunogenic composition according to any one of claims 1 to 4, characterized in that 
the heterologous hydrophobic peptide is from an N-termlnal hydrophobic sequence. 

6. Immunogenic composition according to any one of daims 1 to 4« characterized in that 
the heterologous hydrophobic peptide Is from an Internal hydrophobic sequence. 

7. immunogenic composition according to any one of claims 1 to 4, characterized in that 
the heterologous hydrophobic peptide Is from a Otenminal hydrophobic sequence. 

8. Immunogenic composition according to daim 7, characterized in that the C-temilnal 
hydrophobic sequence is from decay accelerating factor (DAF). 

9. Immunogenic composition according to any one of claims 1 to 8, characterized in that 
the saponin adjuvant Is Qulliaja saponin. 
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10. Vaccine characterized In that it comprises an immunogenic composition according to 
any one of claims 1 to 9 and a phamnaceutlcaily acceptable carrier. 

1 1 . Vaccine according to claim 10. characterized In that It comprises at least one 
addlfional immunoactive oomponenL 

12. Vaccine according to either one of claims 10 or 1 1, characterized In that It Is In a 
freeze^Jried form. 

13. Method for the preparation of a vaccine according to dalm 10, characterized In that 
the method comprises admixing an immunogenic composition according to any one c 
clams 1 to 9 and a phamnaceutlcaliy acceptable carrier. 



14, Use of an Immunogenic composition according to any one of claims 1 to 9. for the 
manufacture of a vaccine. 
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Abstract 

The present invention provides an immunogenic composition comprising a fusion 
protein and a saponin adjuvant. The fusion protein comprises a heterologous hydrophobic 
peptide that is fused to the N-temiinus and/or to the C-terminus of a core polypeptide. The 
5 core polypeptide comprises at least one protective epitope. The saponin adjuvant in this 
composition Is present in a firee form. Also provided are vaccines comprising the 
immunogenic composition and optionally an additional immunoadive component. 
IWethods for the preparation of such vaccines, and use of the Immunogenic composition 
for the manufecture of a vacdne are provided as well. 
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Figure 1 

Melrttln N-terminus 

-4.0" 
+4.0J 




Hydrophobidty 
numberAotal aa % 



21/21 100% 



DAF C-tBrminus 
-4.0' 




25/30 83% 
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CWP1 




21/21 100% 
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